Objectives: To evaluate the relationship between dietary nutrients and female urinary incontinence using nationally representative data from Korea. Methods: We included 8090 women aged >20 years who had participated in the Korea National Health and Nutrition Examination Survey IV. We carried out a propensitymatched study by identifying women with urinary incontinence. Women without urinary incontinence, matched for age, body mass index, menopause, delivery history, hypertension, diabetes, hypercholesterolemia, stroke, asthma, chronic obstructive pulmonary disease and amount of total food intake, were included as a control group at a 2:1 ratio (661 women with urinary incontinence; 1322 women without urinary incontinence). Data were analyzed using the v 2 -test, Mann-Whitney test, Fisher's exact test and logistic regression. Results: Following propensity score matching, 661 women with urinary incontinence and 1322 women without urinary incontinence were included; the confounders were evenly dispersed and did not differ significantly between the groups. There was no significant difference in the intake of water, fat, protein, calcium, phosphorus, iron, sodium, potassium, vitamin A, carotene, riboflavin, niacin and vitamin C. However, carbohydrate intake was significantly higher in the urinary incontinence group than in the control group (median [interquartile range]: 282.3 g/day [214.7; 352.0] vs 267.7 g/day [212.6; 339.1]; P = 0.041). Conclusion: High carbohydrate intake seems to be significantly related to female urinary incontinence in the Korean population.
Introduction
UI is defined as "the complaint of any involuntary leakage of urine" according to The International Continence Society. 1 UI is an important health problem that can induce hygienic, psychological and social impairment. 1 Age, obesity, lung disease (e.g. chronic cough), gravidity, hypertension and menopause are known to be risk factors for stress UI in women. [1] [2] [3] [4] [5] Additionally, DM 6 and stroke 7 are risk factors for UI, resulting from neurogenic bladder. Recently, some macro-and micronutrient imbalances have been implicated as risk factors for female lower urinary tract symptoms or UI. [8] [9] [10] However, the results are not consistent across the studies and the available data are scarce. As a possible risk factor for UI, nutrient imbalances are very important, because adequate nutrient intake is closely related to the quality of daily life. Therefore, we evaluated the relationship between UI and nutrient intake using nationally representative data from Korea. district ? enumeration district ? household) was used so that representative data for Koreans could be obtained. Six surveys have been completed: I (1998), II (2001) , III (2005) , IV (2007 IV ( -2009 , V (2010-2012) and VI (2013 VI ( -2015 . KNHANES IV enrolled 31 705 individuals, of whom 24 871 participated in the survey (response rate: 78.4%). Among those who participated in the KNHANES IV, women aged ≥20 years were initially considered for inclusion in this study (n = 10 347). Women with missing data regarding UI (n = 501) and women who were currently pregnant were excluded (n = 117). Additionally, women with missing data regarding menopause, delivery history, BMI, hypertension, DM, hypercholesterolemia, stroke, asthma, COPD and nutrient intake were excluded (n = 1639). Ultimately, 8090 women were included in the present study.
Evaluation of UI
The condition of current UI was established if a woman answered "yes" to the following question: "Do you have current UI?" The health questionnaire was administered by interviewers who were nurses, clinical dietitians or public health majors. Additionally, they trained for a total of 4 weeks before interviewing.
Potential confounders
Age, obesity, lung disease (e.g. chronic cough), gravidity, hypertension and menopause are known to be risk factors for stress UI in women. [7] [8] [9] [10] [11] The KNHANES IV did not include data about gravidity, so we replaced gravidity with a positive history of delivery. A history of delivery was also a risk factor for UI in our data (see Table 1 ). Additionally, DM 12 and stroke 13 are risk factors for UI, resulting from neurogenic bladder. Therefore, we also used these factors for propensity score matching.
Obesity was determined based on the BMI (weight / [height 2 ], kg/m 2 ). Lung disease (e.g. chronic cough) was defined according to the presence of current asthma or COPD. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic pressure ≥90 mmHg or use of antihypertensive medication. DM was defined as fasting blood glucose ≥126 mg/dL, or use of oral antidiabetic medication or insulin. Hypercholesterolemia was defined as total cholesterol ≥240 mg/dL or use of antihyperlipidemic medication. Stroke was defined as a history of stroke or current presence of stroke. Menopause was established if a woman answered "menopause" to the following question: "How would you describe your current menstrual status?"
Estimating usual nutrient intake
Methods of estimating nutrient intake has been well described elsewhere (https://knhanes.cdc.go.kr). In summary, data for dietary intake were collected using a 24-h dietary recall method. Trained interviewers instructed the participants to recall all beverage and food intake during the previous day. To estimate portion sizes, measuring bowls, cups, spoons and food models were used. Nutrient intake was calculated by the KNHANES team. They used the 7th edition of the Food Composition Table ( 
Statistical analysis
Demographic data were analyzed with descriptive statistics. The significance of differences in these estimates was analyzed with the v 2 -test, Mann-Whitney test and Fisher's exact test.
The propensity score was built by means of a multivariable logistic regression model considering the following variables: age, BMI, menopause, delivery history, hypertension, DM, hypercholesterolemia, stroke, asthma, COPD and amount of total food intake. Propensity score matching was considered for 661 women with UI and 7429 women without UI, but ultimately, propensity scores were matched at a 1:2 ratio (n = 1322 for women without UI [control group] and 661 for women with UI). We carried out propensity score matching with the MatchIt package in the R statistical package (R Foundation for Statistical Computing, Vienna, Austria). After matching, we compared the amount of nutrient intake, using the Mann-Whitney test.
All tests were two-sided, with statistical significance set at P < 0.05. Analyses were carried out with the R statistical package v.2.13.1.
Ethics statement
The study was carried out in agreement with the applicable laws and regulations, good clinical practices, and ethical principles described in the Declaration of Helsinki. The institutional review board of the National Police Hospital approved this study protocol (approval number: 11100176-201611-HR-010). The need for informed consent was waived by the board. Tables 1 and 2 show the demographic data before and after propensity score matching for the women with UI and women without UI, respectively. Overall, the study included 661 women with UI and 7429 women without UI, but after propensity score matching, there were 661 women with UI and 1322 women without UI. Before propensity score matching, the rates of menopause, positive delivery history, hypertension, DM, hypercholesterolemia, stroke and asthma were significantly greater in the UI group. Additionally, participants in the UI group were significantly more likely to be older and obese. After propensity score matching, all of the variables were evenly dispersed and did not differ significantly between the groups, therefore, validating the propensity score-matching model. Table 3 shows nutrient intake levels according to the presence of UI, after propensity score matching. After matching, carbohydrate intake was significantly higher in the UI group. However, there was no significant difference in the intake of water, fat, protein, minerals and vitamins.
Results

Discussion
The aim of the present study was to evaluate the relationship between nutrient intake and female UI. In this study, the intake of fat, protein, minerals and vitamins was not related to UI. However, high carbohydrate intake was related to female UI, after propensity score matching. The propensity score mimics some of the particular characteristics of a randomized controlled trial. 11 Therefore, the present data suggest a possible role of high carbohydrate intake in developing female UI.
In terms of fat, the association with female UI has not been consistent across the studies. Prospective data from the Leicestershire MRC Incontinence Study (including 5816 women, aged ≥40 years and living in the community) showed that intakes of total fat were associated with an increased risk of stress UI onset. 9 However, the populationbased BACH Survey (including 2060 women aged >30 years) reported no consistent or statistically significant associations between intake of total fat and UI, after complete adjustment for age, menopause, childbirth, obesity and chronic disease. 10 The data from the BACH Survey are consistent with the present results in that no association between fat intake and UI were found after propensity score matching. 10 The BACH Survey and the present study investigated any type of UI, whereas the Leicestershire MRC Incontinence Study investigated stress UI only. Additionally, the Leicestershire MRC Incontinence Study used postal questionnaires to collect data pertaining to urinary symptoms and the response rate was 65%, which might represent a possible non-response bias. Furthermore, they only adjusted for age, energy intake, and overactive bladder to investigate the relationship between stress UI and nutrient intake. They did not adjust for menopause, delivery history, hypertension, DM, hypercholesterolemia, stroke, asthma or COPD, all of which are well-known key risk factors for UI. Therefore, we believe that there is a lack of evidence to support the conclusion that an increase in the consumption of total fat is associated with an increased risk of developing any type of UI.
Protein intake and UI were not associated with each other in the present study. Notably, these results are in accordance with the aforementioned studies (the BACH 10 Survey and the Leicestershire MRC Incontinence Study 9 ), and we confirmed this using propensity score-matched analysis.
The relationship between micronutrient intake and female UI are not consistent across studies. Zinc intake was significantly and positively associated with stress UI onset in the Leicestershire MRC Incontinence Study. 9 Zinc intake was not related to UI in the BACH Survey data. 8 In our data, zinc intake was not investigated because of a lack of data. Vitamin B 12 intake was also related to UI in the Leicestershire MRC Incontinence Study. However, the BACH Survey and the present study did not investigate the relationship between UI and vitamin B 12 intake, because of a lack of data. 8 Additionally, a high-dose intake of calcium was positively and significantly associated with UI in the BACH Survey. 8 However, calcium intake was not related to UI in the present study or in the data from the Leicestershire MRC Incontinence Study. In our propensity score-matched analysis, intake of the vitamins and minerals we investigated was not associated with female UI. Further research would be required to confirm the present study.
In terms of carbohydrate intake, no associations with UI were noted in the BACH 10 Survey and the Leicestershire MRC Incontinence Study. 9 The positive findings regarding high carbohydrate intake and UI in the present study are novel and worthy of further investigation. White rice intake in Korea and the related acute increase in blood glucose might explain the relationship between high carbohydrate intake and UI in the present study. In East Asian populations, including that of Korea, most dietary carbohydrate is derived from sticky white rice. 12 As compared with whole grains, which include brown rice, white rice has a lower content of many nutrients, such as vitamins, fiber, magnesium and phytic acid, nutrients that are eliminated during the refining process. 13 Among the nutrients lost during refining, fiber and magnesium have been associated with reducing rapid increases in blood glucose. 12 Therefore, a high intake of white rice might augment a rapid increase in blood glucose; 12 as a refined carbohydrate, white rice has been proven to cause rapid swings in blood glucose. 14, 15 Acute hyperglycemia in normal humans impairs endothelium-dependent vasodilation. 16 Additionally, acute hyperglycemia produces free radicals that might promote atherogenesis. 17, 18 Impaired vasodilation and atherogenesis could reduce pelvic blood flow that supplies the bladder, urethra and vaginal wall. 19 Chronic hypoxia of pelvic vessels would induce female pelvic floor and bladder ischemia, which could result in UI. 19 However, we did not investigate the amount of refined white rice intake and the blood sugar level in our study population. Follow-up investigational and clinical studies would be required to confirm our results and theory.
Another possible explanation is obesity induced by high carbohydrate intake. From a perspective of physiology, low carbohydrate diets might decrease calorie intake because they increase demands on protein and amino acid turnover for gluconeogenesis, which has a high energy cost. 20, 21 Alternatively, low carbohydrate diets might induce weight loss due to reducing insulin concentrations, thus promoting free fatty acid mobilization from body fat storage. 20, 21 In a recent clinical study, dietary carbohydrates were associated with weight gain. 20, 22 Inversely, low carbohydrate diets substantially reduce bodyweight, BMI and abdominal circumference. 20, 23 Obesity is an established and modifiable risk factor for urinary incontinence. 24 A well-designed clinical trial showed the beneficial effect of weight loss on UI. 24 Therefore, obesity induced by high carbohydrate intake might have caused UI in the present study.
A limitation of the present study was that we could not analyze the subtypes of UI, as this information was not available. In addition, the condition of UI was established if a woman answered "yes" to the following simple question: "Do you have current UI?" Even though this simple question was used in many previous articles regarding UI and the questionnaire was administered by trained interviewers, this simple question might not be sufficient to define UI. 1, [25] [26] [27] [28] The present findings might raise a basic question regarding the relationship between daily nutrient intake and UI. Of course, a well-designed clinical trial will be required to confirm the present results. Nevertheless, we believe that the present study provides meaningful results, as the dataset was nationally representative, and we used propensity scorematching analysis to evaluate the relationship between nutrient levels and UI.
In conclusion, high carbohydrate intake is significantly and independently related to female UI, as shown by propensity score matching analysis of representative Korean data. The present data suggest a possible role of high carbohydrate intake in developing female UI. Further studies will be required to confirm the present results.
